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(54) NICKEL ELECTRODE ACTIVE MATERIAL FOR ALKALINE STORAGE BATTERY, NICKEL 
ELECTRODE FOR ALKALINE STORAGE BATTERY, AND ALKALINE STORAGE BATTERY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve high rate discharge characteristics of an alkaline 
storage battery and charge efficiency thereof in the high temperature condition, and to achieve 
high capacity, miniaturizing the alkaline storage battery. 

SOLUTION: The nickel electrode active material for an alkaline storage battery contains nickel 
hydroxide, a cobalt compound having bivalent or more number of oxidization of cobalt, at least 
one element selected among an element group formed of ytterbium, erbium, ruthenium and 
thulium, and a rare earth group element compound having a diffraction peak at points satisfying 
each formula d=0.885±0.008 nm, d=0.838±0.01 nm, and d=0.759±0.007 nm in an X-ray 
diffraction diagram by Ka beam of cobalt. 



* NOTICES * 



JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]A nickel electrode active material for alkaline batteries characterized by comprising the 

following. 

Nickel hydroxide. 

A cobalt compound with the bigger oxidation number of cobalt than divalent, and an ytterbium, 
At least one element chosen from an element group which consists of erbium, lutetium, and a 
thulium is included, A rare earth element compound which has a diffraction peak in an X 
diffraction figure by K alpha rays of cobalt in d= 0.885**0.008 nm, d= 0.838**0.01 nm, and d= 
0.759**0.007 nm. 

[Claim 2] The nickel electrode active material for alkaline batteries according to claim 1 whose 
oxidation numbers of said nickel hydroxide are 2.04-2.40. 

[Claim 3] The nickel electrode active material for alkaline batteries according to claim 1 or 2 in 
which said nickel hydroxide contains said rare earth element compound 0.5 to 8% of the weight. 
[Claim 4] A nickel electrode for alkaline batteries characterized by comprising the following. 
A charge collector. 

Having an active material arranged at said charge collector, said active material is nickel 
hydroxide. 

A cobalt compound with the bigger oxidation number of cobalt than divalent. 
In an X diffraction figure by K alpha rays of cobalt, including at least one element chosen from 
an element group which consists of an ytterbium, erbium, lutetium, and a thulium d= 
0.885**0.008 nm, A rare earth element compound which has a diffraction peak in d= 
0.838**0.01 nm and d= 0.759**0.007 nm. 

[Claim 5]Nickel hydroxide and a cobalt compound with the bigger oxidation number of cobalt 
than divalent, In an X diffraction figure by K alpha rays of cobalt, including at least one element 
chosen from an element group which consists of an ytterbium, erbium, lutetium, and a thulium 
d= 0.885**0.008 nm, An alkaline battery provided with an alkali electrolyte arranged between an 
anode which has an active material which contains in d= 0.838**0.01 nm and d= 0.759**0.007 
nm a rare earth element compound which has a diffraction peak, a negative electrode, and said 
anode and said negative electrode. 



DETAILED DESCRIPTION 
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[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the nickel electrode active material for a nickel 
electrode active material, a nickel electrode and a storage battery, especially alkaline batteries, 
the nickel electrode for alkaline batteries, and an alkaline battery. 
[0002] 

[Description of the Prior Art] As a power supply for charges and discharges used for the device 
which needs the high current of a power tool, a hybrid electric vehicle (HEV), etc., alkaline 
batteries, such as a nickel hydrogen storage battery, a Ni-Cd battery, and a zinc nickel oxide 
battery, are used, and the demand has grown rapidly. 

[0003 ]The nickel electrode is used for the anode of such an alkaline battery. Although the 
sintering type electrode which deposited nickel hydroxide has so far been used for the polar plate 
which sintered powder, such as nickel, mainly as a nickel electrode, The above high currents 
with the demand rapid growth under the purpose of use to need these days, Compared with a 
sintering type electrode, it is easy to raise capacity and many non-sintering electrodes which 
applied or filled up electrodes, such as a pierced steel plank and a foaming board, with the slurry 
which moreover mixed and prepared additive agents, such as a thickener, from manufacture 
being easy to high-density spherical nickel hydroxide powder (active material) come to use. 
[0004]However, greatly [ the distance of an electrode and an active material ], since a non- 
sintering electrode has insufficient contact of active materials, its conductivity is small and a 
high rate discharging characteristic is inferior in it compared with a sintering type electrode. For 
this reason, what added cobalt or a cobalt compound to nickel hydroxide is variously proposed as 
an active material for non-sintering electrodes (for example, JP,S62-256366,A). In an alkali 
electrolyte in the non-sintering electrode using such an active material, cobalt ion is eluted in an 
alkali electrolyte from cobalt or a cobalt compound, and this cobalt ion deposits as cobalt 
hydroxide. And it oxidizes at the time of initial charging, and becomes oxy cobalt hydroxide, this 
forms the precise network which improves the conductivity between nickel hydroxide powder 
particles, and this cobalt hydroxide improves the conductivity of an electrode. As a result, the 
high rate discharging characteristic of this non-sintering electrode will increase in a sintering 
type electrode grade. 

[0005 ]By the way, since the reaction which oxy cobalt hydroxide generates from cobalt or a 
cobalt compound is an irreversible reaction when the above non-sintering electrodes are used for 
a nickel hydrogen storage battery, Initial charging quantity of electricity which this reaction took 
will be stored in the negative-electrode side as potential discharge quantity of electricity 
(discharge reserve). When it overcharges, oxygen gas generates such a nickel hydrogen storage 
battery in the anode side. This oxygen gas may cause the internal pressure rise of a nickel 
hydrogen storage battery, may start liquid leakage, and may shorten a battery life. So, in the 
nickel hydrogen storage battery, the capacity (charge reserve) which does not participate in 
actual charge and discharge and which can be charged was provided in the negative-electrode 
side, and the oxygen gas emitted in the anode side was absorbed or consumed by charge reserve 
of the negative electrode, it changed into water, and the rise of internal pressure is controlled. As 
for the nickel hydrogen storage battery, from such a situation, the capacity of the negative 
electrode is greatly set up compared with the capacity of an anode. 

It is set up so that charge-and-discharge capacity may be regulated by the capacity of an anode. 
Therefore, since it is necessary to raise the capacity of an anode and in order to raise the capacity 
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of a nickel hydrogen storage battery, and it is necessary to also raise the capacity of a negative 
electrode in consideration of the charge reserve and discharge reserve accompanying it, a cell 
will be enlarged. If it puts in another way, a nickel hydrogen storage battery is difficult to attain 
high capacity-ization, attaining a miniaturization. 

[0006]Although battery temperature increases at the time of charge and discharge, the alkaline 
battery provided with the non-sintering electrode cannot but shift to the following charge-and- 
discharge process in the state with still insufficient cooling in many cases, when charge and 
discharge are especially repeated by a high current. That is, as for this alkaline battery, the 
frequency in use in hot environments will increase. However, since the difference of the 
oxidation potential of nickel hydroxide and the oxygen evolution potential of a charging end 
term becomes small when an alkaline battery is charged under hot environments, oxidation 
reaction and an oxygen evolution reaction compete and charging efficiency falls. Like a hybrid 
electric vehicle, in the case of the device using the cell group which combined the alkaline 
battery, it becomes difficult to fix the temperature of each alkaline battery, and charging 
efficiency falls especially easily. In order to improve this point, it adds to above-mentioned 
cobalt or cobalt compound to the active material for non-sintering electrodes, . Adding further 
the compound of the element which has the effect of shifting the oxygen evolution potential of 
the charging end term of the anode under an elevated temperature to ** is proposed. (For 
example, refer to JP,H5-28992,A, JP,H6- 150925, A, JP,H8-195198,A, and JP,H9-92279,A). 
[0007]however, bars a deposit of above-mentioned cobalt hydroxide in an alkali electrolyte, and 
some elements which have the effect of shifting the oxygen evolution potential of an anode to ** 
bar formation of the conductive network by oxy cobalt hydroxide as a result For this reason, 
although the charging efficiency [ electrode / containing such an element ] under an elevated 
temperature increases, a high rate discharging characteristic will fall extremely. In order to solve 
this, increase the quantity of cobalt or the cobalt compound contained in an active material, and it 
is also considered that the conductive network between nickel hydroxide is easy to be formed, 
but. Since discharge reserve will increase when it is made such, it becomes difficulty more to 
attain high capacity-ization, attaining the miniaturization of an alkaline battery. 
[0008]The purpose of this invention is to attain high capacity-ization, raising simultaneously a 
high rate discharging characteristic and the charging efficiency under an elevated temperature, 
and attaining a miniaturization further about an alkaline battery. 
[0009] 

[Means for Solving the Problem]A nickel electrode active material for alkaline batteries of this 
invention, Nickel hydroxide and a cobalt compound with the bigger oxidation number of cobalt 
than divalent, In an X diffraction figure by K alpha rays of cobalt, including at least one element 
chosen from an element group which consists of an ytterbium, erbium, lutetium, and a thulium 
d= 0.885**0.008 nm, A rare earth element compound which has a diffraction peak is included in 
d= 0.838**0.01 nm and d= 0.759**0.007 nm. 

[0010]Here, the oxidation numbers of nickel hydroxide are 2.04-2.40, for example, this nickel 
electrode active material for alkaline batteries — a rare earth element compound — 0.5- of nickel 
hydroxide — it contains 8% of the weight. 

[001 1 ]A nickel electrode for alkaline batteries of this invention is provided with the following. 
Charge collector. 

An active material arranged at a charge collector. 

A cobalt compound whose nickel hydroxide and oxidation number of an active material are 
bigger than divalent, In an X diffraction figure by K alpha rays of cobalt, including at least one 
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element chosen from an element group which consists of an ytterbium, erbium, lutetium, and a 
thulium d= 0.885**0.008 nm, A rare earth element compound which has a diffraction peak is 
included in d= 0.838**0.01 nm and d= 0.759**0.007 nm. 

[0012]An alkaline battery of this invention is provided with an alkali electrolyte arranged 
between an anode, a negative electrode and an anode, and a negative electrode, and an anode, 
Nickel hydroxide, a cobalt compound with the bigger oxidation number than divalent, and an 
ytterbium, In an X diffraction figure by K alpha rays of cobalt, including at least one element 
chosen from an element group which consists of erbium, lutetium, and a thulium d= 
0.885**0.008 nm, It has an active material which contains in d= 0.838**0.01 nm and d= 
0.759**0.007 nm a rare earth element compound which has a diffraction peak. 
[0013] 

[Embodiment of the InventionJThe nickel electrode active material for alkaline batteries of this 
invention contains nickel hydroxide, the cobalt compound, and the rare earth element compound. 
The nickel hydroxide used by this invention is not limited especially if used as an active material 
for nickel electrodes of an alkaline battery, but is a particle-like thing and is usually spherical 
high-density nickel hydroxide, for example. In order that this nickel hydroxide may control 
generation of gamma type nickel oxyhydroxide used as the cause of reducing the charge-and- 
discharge cycle life of an alkaline battery, 2B group elements, such as 2A group elements, such 
as magnesium and calcium, zinc, and cadmium, and at least one element in cobalt may be 
contained in the state of dissolution. That is, as for this nickel hydroxide, some nickel elements 
may be replaced by 2A group element, 2B group element, and at least one element in cobalt. 
[0014]As for this nickel hydroxide, it is preferred that some nickel which is that composing 
element has oxidized. Such nickel hydroxide can be prepared, for example, if nickel hydroxide is 
oxidized suitably. In this case, it is preferred to be set up so that the oxidation number of nickel 
hydroxide may be set to 2.04-2.40. When this oxidation number is less than 2.04, in the negative 
electrode of the alkaline battery which used the nickel electrode active material of this invention, 
discharge reserve may become is hard to be reduced, and it may become difficult to secure 
charge reserve sufficient as a result. As a result, at the time of overcharge of the alkaline battery 
concerned, it may become difficult to absorb the oxygen gas emitted in the nickel electrode side 
in a charge reserve portion, and it may become difficult to control the internal pressure rise of an 
alkaline battery. On the contrary, when the oxidation number exceeds 2.40, in the same alkaline 
battery, cell capacity may become negative-electrode regulation, service capacity may fall, and, 
as a result, the cycle life of an alkaline battery may be spoiled. 

[0015]The above-mentioned oxidation number is the value measured by the ferrous sulfate 
method. Specifically, the amount of active oxygen contained in nickel hydroxide is calculated 
first. Here, weighing of 0.1 g of powder (sample powder) and the ferrous ammonium sulfate lg 
of nickel hydroxide is carried out, and this is added to the acetic acid solution of the 20 volume 
% concentration set as 5 **. And after stirring for about 3 to 10 hours and making it dissolve 
thoroughly, this solution is titrated using the potassium permanganate solution of the 1 - 
/decanormal (0.02 mol/1), and the amount of active oxygen is computed from the following 
formula (i). 
[0016] 
[Equation 1] 



JP2003-017046 English Page 4 



_ , XF e (UxfxV > , 100 

- 8x ( — — - - —— ) x ( 



392,14 1000 ' ' X s p ' 

• - • CO 

[001 7] As for the amount of weighing of ferrous ammonium sulfate (g), and V, the factor of a 
potassium permanganate solution and Xsp of the titration value (ml) of a potassium 
permanganate solution and f are [ formula (i) Naka and XFe ] the amounts of weighing of sample 
powder (g). 

[0018]Next, the quantitative analysis of the nickel amount (% of the weight) contained in sample 
powder is carried out by methods, such as ICP emission spectrometry and an original atomic 
absorption method, and the oxidation number of nickel in nickel hydroxide is computed from the 
following formula (ii). 
[0019] 
[Equation 2] 

"™ ll V^V*/58690) } X 2 



• • ■ (i i) 

[0020]The cobalt compound used by this invention has the oxidation number of the cobalt which 
constitutes it bigger than divalent, for example, is oxy cobalt hydroxide. In cobalt or the alkali 
solution used as an electrolysis solution of an alkaline battery, such a cobalt compound The 
cobalt compound which can be eluted in cobalt ion, For example, if alpha type cobalt hydroxide, 
beta type cobalt hydroxide, or 1 cobalt oxide (henceforth a cobalt compound precursor for 
convenience) is oxidized, it can prepare. 

[0021] Oxidation treatment here prepares an alkaline aqueous solution first, and usually throws in 
a cobalt compound precursor in this alkaline aqueous solution. Although an available alkaline 
aqueous solution in particular is not limited, it is preferred here that temperature is set as not less 
than 60 ** from a viewpoint [ at least one of a potassium hydrate and sodium hydroxide is 
usually included, and ] of promoting oxidation treatment. 

[0022]Next, an oxidizer is added in an above-mentioned alkaline aqueous solution, and a cobalt 
compound precursor contained in the solution concerned is oxidized. Thereby, a cobalt 
compound precursor is converted into a cobalt compound (for example, oxy cobalt hydroxide) 
with the bigger oxidation number of cobalt than divalent. 

[0023] Although an oxidizer in particular used here is not limited and are various kinds of 
publicly known things, Oxidizing power in that it is large and a cobalt compound precursor can 
be oxidized efficiently, Potassium peroxodisulfate (K2S2O8), peroxydisulfuric-acid NATORIMU 
(Na2S208), It is preferred to use at least one chosen from a group which consists of ammonium 
peroxodisulfate (NH 4 ) (2S2O8) and sodium hypochlorite (NaCIO). 

[0024]Since an addition of an oxidizer changes with the kinds of oxidizer, it cannot generally be 
specified, but it is preferred to set a cobalt compound precursor as sufficient quantity for 
converting into a necessary cobalt compound. 

[0025 ]In a nickel electrode active material for alkaline batteries of this invention, an above- 
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mentioned cobalt compound may be contained, where the surface of an above-mentioned nickel 
hydroxide particle is covered. Nickel hydroxide with which such a cobalt compound was covered, 
For example, a group of a nickel hydroxide particle by which a cobalt compound precursor was 
covered by publicly known method (for example, refer to JP,S62-234867,A). It can manufacture, 
if it manufactures (it is hereafter called cobalt covering nickel hydroxide for convenience) and 
this cobalt covering nickel hydroxide is oxidized. 

[0026]Here, as well as oxidation treatment of an above-mentioned cobalt compound precursor, 
oxidation treatment of cobalt covering nickel hydroxide can usually be carried out, if cobalt 
covering nickel hydroxide is processed using an oxidizer in an alkaline aqueous solution. That is, 
first, an alkaline aqueous solution is prepared and cobalt covering nickel hydroxide is thrown in 
in this alkaline aqueous solution. Although an available alkaline aqueous solution in particular is 
not limited, it usually contains at least one of a potassium hydrate and sodium hydroxide here. 
Especially when sodium hydroxide solution is used, in an oxidation treatment process, it can 
control that nickel hydroxide by the side of a core layer of cobalt covering nickel hydroxide 
changes into gamma-NiOOH. As for an alkaline aqueous solution, it is preferred that 
temperature is set as not less than 60 ** from a viewpoint of promoting oxidation treatment. 
[0027]Next, an oxidizer is added in an above-mentioned alkaline aqueous solution, and cobalt 
covering nickel hydroxide contained in the solution concerned is oxidized. A cobalt compound 
precursor (surface layer) which covers nickel hydroxide of a core layer in the above-mentioned 
cobalt covering nickel hydroxide oxidizes by this, and this cobalt compound precursor is 
converted into a cobalt compound (for example, oxy cobalt hydroxide) with the bigger oxidation 
number of cobalt than divalent. 

[0028]An oxidizer used here is the same as that of an above-mentioned thing. Since an addition 
of an oxidizer changes with the kinds of oxidizer, cannot generally specify it, but. It is preferred 
to set it as a range which it is converted into a necessary cobalt compound, a surface layer, i.e., a 
cobalt compound precursor, of cobalt covering nickel hydroxide, and moreover stops at the range 
of above-mentioned [ the oxidation number of nickel hydroxide by the side of a core layer ]. 
[0029]A rare earth element compound used by this invention An ytterbium, erbium, At least one 
element chosen from an element group which consists of lutetium and a thulium is included, In 
an X diffraction figure by K alpha rays of cobalt, it has a diffraction peak in d= 0.885**0.008 nm, 
d= 0.838**0.01 nm, and d= 0.759**0.007 nm, and is usually the powder of such a compound. 
As an example, an X diffraction figure of a rare earth element compound containing an ytterbium 
is shown in drawing 1 . This rare earth element compound is presumed to be a compound 
containing crystal water shown by Ln(OH) 3-H2O, or LnOOH and 2H 2 0 (Ln shows a rare earth 
element among a chemical formula). 

[0030]Oxidation treatment of a compound (raw material compound) containing at least one 
element chosen from an element group which consists of an ytterbium, erbium, lutetium, and a 
thulium, for example will obtain such a rare earth element compound. 

[003 1 ] A raw material compound used here is an oxide and hydroxide which usually contain at 
least one element chosen from the above-mentioned element group. That is, a raw material 
compound is usually an oxide of one element chosen from the above-mentioned element group, 
hydroxide, or two multiple oxides and compound hydroxide or more of an element that were 
chosen from the above-mentioned element group. As for such a raw material compound, two or 
more sorts of things may be suitably used together. 

[0032]Oxidation treatment of an above-mentioned raw material compound will obtain the target 
rare earth element compound. Here, when a raw material compound is an above-mentioned 
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oxide or hydroxide, oxidation treatment can usually be attained, if a raw material compound is 
immersed into alkali-metal-hydroxide solution, for example, solution of sodium hydroxide or a 
potassium hydrate, and is neglected. As for concentration of alkali-metal-hydroxide solution, it is 
usually preferred to set up to 25 % of the weight - 40% of the weight. In this oxidation treatment, 
alkali-metal-hydroxide solution may be suitably heated, in order to promote oxidation treatment. 
For example, if an above-mentioned oxide and hydroxide are immersed and neglected in the 6.8- 
N potassium hydroxide solution heated by 60 **, the target rare earth element compound will 
usually be obtained from several hours in several days. 

[0033 ]In the above oxidation treatment methods, into solution of alkali metal hydroxide, an 
oxidizer like sodium hypochlorite (NaCIO) may be added, for example, or air (oxygen) may also 
be blown. In this case, oxidation treatment of a raw material compound is promoted and an 
oxidation treatment compound made into the purpose can be prepared more promptly. 
[0034]Incidentally, when the above oxidation treatments are performed about oxides and 
hydroxide of a rare earth element other than an ytterbium, erbium, lutetium, and a thulium, 
hydroxide which has a hexagonal (P6 3 /m) crystal structure equivalent to Ln(OH) 3 is obtained, 
but. This hydroxide does not show the above diffraction peaks. 

[003 5] As for an above-mentioned rare earth element compound, two or more sorts of things may 
be suitably used together. 

[0036]A nickel electrode active material for alkaline batteries of this invention, It may change to 
an above-mentioned rare earth element compound, or at least one of a strontium compound, a 
bismuth compound, and yttrium compounds (henceforth an add-in-material compound for 
convenience) may be included with an above-mentioned rare earth element compound. 
[0037]2 theta of an according [ a strontium compound used here ] to K alpha rays of cobalt X 
diffraction figure = in the range of 5-85 degrees, it has a diffraction peak of the 1st intensity, and 
a diffraction peak of the 2nd intensity, respectively in d= 0.354**0.002 nm and d= 0.248**0.001 
nm. For example, as shown in drawing 2 , this strontium compound, In an X diffraction figure of 
strontium hydroxide, a d= 0.585 nm (2 theta = 17.6 degrees) characteristic diffraction peak 
disappears, It has a diffraction peak of the 1st intensity, and a diffraction peak of the 2nd 
intensity, respectively in d= 0.354 nm (2 theta = 29.3 degrees) and d= 0.248 nm (2 theta = 42.3 
degrees). 

[003 8 ]2 theta of an according [ a bismuth compound used here ] to K alpha rays of cobalt X 
diffraction figure = In the range of 5-85 degrees, To d= 0.326**0.002 nm, d= 0.269**0.001 nm, 
and d= 0.256**0.001 nm, respectively A diffraction peak of the 1st intensity, It has a diffraction 
peak of the 2nd intensity, and a diffraction peak of the 3rd intensity, and a diffraction peak with 
an intensity [ 2nd ] of d= 0.269**0.001 nm is a thing of intensity of 1/2 or more of a diffraction 
peak of the 1st intensity that is d= 0.326**0.002 nm. For example, as shown in drawing 3 . this 
bismuth compound, In an X diffraction figure of bismuth oxide, a d= 0.295 nm (2 theta = 35.3 
degrees) characteristic diffraction peak disappears, To d= 0.326 nm (2 theta = 31 .9 degrees), d= 
0.269 nm (2 theta = 38.8 degrees), and d= 0.256 nm (2 theta = 40.9 degrees), respectively A 
diffraction peak of the 1 st intensity, It has a diffraction peak of the 2nd intensity, and a 
diffraction peak of the 3rd intensity, and a diffraction peak with an intensity [ 2nd ] of d= 0.269 
nm is the intensity of 1/2 or more of a diffraction peak of the 1st intensity that is d= 0.326 nm. 
[0039]An yttrium compound used here, 2 theta of an X diffraction figure by K alpha rays of 
cobalt = in the range of 5-85 degrees, it has a diffraction peak in d= 0.544**0.006 nm and d= 
0.313**0.002 nm, and a d= 0. 544**0. 006-nm diffraction peak is a thing of a strongest peak in 
the range concerned. For example, as shown in drawing 4 , this yttrium compound, It has a 
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diffraction peak in d= 0.544 nm (2 theta = 18.9 degrees) which is not seen in an X diffraction 
figure of yttrium oxide or hydroxylation yttrium, and d= 0.313 nm (2 theta = 33.2 degrees), 2 
theta = in the range of 5-85 degrees, a d= 0.544-nm diffraction peak is a strongest peak. 
[0040]An above-mentioned add-in-material compound can be prepared like a case of an above- 
mentioned rare earth element compound. That is, these compounds can be prepared if a raw 
material compound (for example, an oxide and hydroxide) containing strontium, bismuth, or 
yttrium is oxidized by above methods. 

[0041 ]A nickel electrode active material of this invention can be prepared if above-mentioned 
nickel hydroxide, a cobalt compound, and a rare earth compound are mixed. Here, as for content 
of a cobalt compound, it is usually preferred to be set to 2 to 1 0% of the weight of nickel 
hydroxide, and it is more preferred to be set up to 3 to 7% of the weight . When this content is 
less than 2 % of the weight, a necessary conductive network may become is hard to be formed to 
nickel hydroxide, and the discharge characteristic of an alkaline battery, especially a high rate 
discharging characteristic may fall. On the contrary, it becomes difficult to raise that capacity, 
maintaining a miniaturization of an alkaline battery, since the amount of nickel hydroxide in an 
active material decreases relatively when this content exceeds 1 0 % of the weight. 
[0042]As for content of a rare earth element compound, it is usually preferred to set to 0.5 to 8% 
of the weight of nickel hydroxide, and it is more preferred to set up to 2 to 8% of the weight. 
When this content is less than 0.5 % of the weight, an effect of shifting oxygen evolution 
potential of a nickel electrode in the **** direction may be scarce, and it may become difficult to 
raise charging efficiency of an alkaline battery under hot environments. On the contrary, it 
becomes difficult to raise that capacity, maintaining a miniaturization of an alkaline battery, 
since an effect proportional to it cannot be attained but the amount of nickel hydroxide in being 
not only uneconomical but a nickel electrode active material decreases relatively, when this 
content exceeds 8 % of the weight. 

[0043 ]In an active material of this invention, as for the content in an active material of this 
invention, when changing to an above-mentioned rare earth element compound and using an 
above-mentioned add-in-material compound, it is preferred to set up like a case of a rare earth 
element compound. In an active material of this invention, as for content of an add-in-material 
compound, when using an above-mentioned add-in-material compound with an above-mentioned 
rare earth element compound, it is preferred to set up so that the total quantity with a rare earth 
element compound may become the range of above-mentioned content about a rare earth 
element compound. 

[0044]A nickel electrode for alkaline batteries of this invention is provided with the following. 
Charge collector. 

It is arranged at this charge collector and is a nickel electrode active material of **** this 
invention. 

Especially if a charge collector used for this nickel electrode is available in a nickel electrode for 
alkaline batteries, it is not limited, but they are a pierced steel plank, a foaming board, etc., for 
example. 

[0045] When manufacturing this nickel electrode, an above-mentioned active material concerning 
this invention is prepared first. And binders, such as carboxymethyl cellulose, are added to this 
active material, a slurry or a paste is prepared, and it arranges by being applied or filled up with 
this slurry or paste to a charge collector. 

[0046]An alkaline battery of this invention is mainly provided with a separator arranged between 
a battery case, and the above nickel electrodes accommodated in the battery case concerned, i.e., 
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an anode, a negative electrode and an anode and a negative electrode, and an electrolysis solution 
poured in into a battery case. 

[0047]A negative electrode used here is not limited especially if used in an alkaline battery 
which uses a nickel electrode as an anode, and it is usually a hydrogen storing metal alloy 
electrode, a cadmium electrode, or a zinc electrode. An alloy incidentally shown with the 
presentation of MmNi3.55Coo.75Mno.4aluminumo.3 which has CaCus mold structure as a hydrogen 
storing metal alloy when using a hydrogen storing metal alloy electrode as a negative electrode, 
A multi element system alloy, a TiNi system alloy, a TiFe system alloy, etc. which replaced 
some nickel of a MmNis alloy by at least one of aluminum, manganese, cobalt, titanium, copper, 
and zinc can be used. Mm means a mixture (usually mixture of a lantern, cerium, praseodymium, 
and neodium) of a rare earth element. 

[0048] A separator is for preventing a short circuit of an anode and a negative electrode, and 
holding an electrolysis solution, Especially if available in an alkaline battery, it is not limited, but 
it is the nonwoven fabric formed using polyolefin resin textiles, such as polypropylene resin 
textiles, or polyamide resin textiles, for example. The graft polymerization of sulfonation 
treatment, the acrylic acid, etc. is carried out to polyolefin resin textiles and polyamide resin 
textiles for forming such a nonwoven fabric if needed, and hydrophilic nature may be given to 
them. 

[0049]An electrolysis solution is not limited especially if similarly used in an alkaline battery, 
and they are alkali-metal-hydroxide solution, such as a potassium hydroxide solution, sodium 
hydroxide solution, or lithium hydroxide solution, for example. Two or more sorts of things are 
mixed, and alkali-metal-hydroxide solution may be used. 

[0050]Since a nickel electrode of this invention, i.e., a nickel electrode active material of this 
invention, is used for a nickel electrode used for an anode of an alkaline battery of this invention, 
it can reduce discharge reserve formed in a negative electrode in an initial charging process. That 
is, a cobalt compound contained in a nickel electrode active material used here, It is not what is 
converted into a conductive cobalt compound which can give a conductive network to a nickel 
electrode active material in an initial charging process, It is a cobalt compound with the bigger 
oxidation number of cobalt than divalent, and since it had conductivity and it has given a 
conductive network from before an initial charging process from the initial charging process 
forward to a nickel electrode active material, in an initial charging process, it is hard to form 
discharge reserve in a negative electrode. For this reason, since the alkaline battery of this 
invention using such a nickel electrode active material can raise capacity of an anode, without 
making capacity of a negative electrode increase, it can attain high capacity-ization, attaining a 
miniaturization. 

[0051 ]In a nickel electrode active material of an anode, since a conductive network by a cobalt 
compound is formed from before an initial charging process as mentioned above, this alkaline 
battery has a good high rate discharging characteristic. Since a nickel electrode active material 
contains the above rare earth element compounds, it can shift oxygen evolution potential of an 
anode to ** at the time of charge under an elevated temperature. For this reason, when this 
alkaline battery is charged under hot environments, in an anode, a difference of oxidation 
potential of nickel hydroxide and oxygen evolution potential becomes large, and charging 
efficiency under an elevated temperature increases. It is also the same as when this point and a 
nickel electrode active material contain the above add-in-material compounds. 
[0052] 

[Example]Ytterbium oxide (Yb20s) was supplied in the 40-% of the weight potassium hydroxide 
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solution set as 160 ** of examples of manufacture , and it was neglected for 72 hours. Thereby, 
ytterbium oxide was oxidized and the rare earth element compound was obtained. When the X 
diffraction by K alpha rays of cobalt was carried out about this rare earth element compound, the 
X diffraction figure of drawing 1 which has a diffraction peak in d= 0.885 nm (2 theta = 11.6 
degrees), d= 0.836 nm (2 theta = 12.3 degrees), and d= 0.758 nm (2 theta = 13.6 degrees) was 
obtained. 

[0053 ]It changed to the example diacid-ized ytterbium of manufacture , and was operated like the 
case of the example 1 of manufacture except for the point using erbium oxide (Er 2 C>3), and when 
the X diffraction by K alpha rays of cobalt was carried out, the rare earth element compound of 
the example 1 of manufacture and the rare earth element compound which has three same 
diffraction peaks were obtained. 

[0054]It changed to example of manufacture 3 ytterbium oxide, and was operated like the case of 
the example 1 of manufacture except for the point using thulium oxide (Tn^Ch), and when the X 
diffraction by K alpha rays of cobalt was carried out, the rare earth element compound of the 
example 1 of manufacture and the rare earth element compound which has three same diffraction 
peaks were obtained. 

[0055]It changed to example of manufacture 4 ytterbium oxide, and was operated like the case of 
the example 1 of manufacture except for the point using lutetium oxide (Lu 2 0 3 ), and when the X 
diffraction by K alpha rays of cobalt was carried out, the rare earth element compound of the 
example 1 of manufacture and the rare earth element compound which has three same diffraction 
peaks were obtained. 

[0056]Change to example of manufacture 5 ytterbium oxide, and 25 % of the weight of thulium 
oxide (T1112O3), Except for the point using the mixture containing 50 % of the weight of 
ytterbium oxide (Yb 2 0 3 ), and 25 % of the weight of lutetium oxide (Lu 2 0 3 ), it is operated like 
the case of the example 1 of manufacture, When the X diffraction by K alpha rays of cobalt was 
carried out, the rare earth element compound of the example 1 of manufacture and the rare earth 
element compound which has three same diffraction peaks were obtained. 
[0057]Change to example of manufacture 6 ytterbium oxide, and a thulium 1 .0atm.%, An 
ytterbium is operated like the case of the example 1 of manufacture except for the point using the 
multiple oxide 9.0atm.% Containing 90.0atm.% and lutetium, When the X diffraction by K alpha 
rays of cobalt was carried out, the rare earth element compound of the example 1 of manufacture 
and the rare earth element compound which has three same diffraction peaks were obtained. 
[005 8] Ammonium sulfate and sodium hydroxide solution were added in the solution which 
dissolved working example 1-6 nickel sulfate, sulfate of zinc, and cobalt sulfate by the 
predetermined ratio, and it was made to generate an ammine complex. And sodium hydroxide 
solution was dropped further, stirring this system of reaction violently, and pH of the system of 
reaction was controlled in the range of 10 to 13. This obtained the group of the spherical high- 
density nickel hydroxide particle. 

[0059]Next, the group of the obtained high-density nickel hydroxide particle was supplied in the 
alkaline aqueous solution which controlled pH by sodium hydroxide from 10 to 13. And the 
solution containing cobalt sulfate and ammonia of prescribed concentration was dropped, stirring 
this solution. In the meantime, sodium hydroxide solution was dropped suitably and pH of the 
system of reaction was held in the range of 10 to 13 for about 1 hour. The group of the high- 
density nickel hydroxide particle (cobalt covering nickel hydroxide) in which the surface layer 
which consists of cobalt hydroxide (cobalt compound precursor) was formed by this was 
obtained. In this high-density nickel hydroxide particle, the rate of the surface layer was 8.2% of 
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the weight of high-density nickel hydroxide which constitutes a core layer. 
[0060]The obtained cobalt covering nickel hydroxide 50g was thrown in in 1 10 ** 30-% of the 
weight sodium hydroxide solution, and was fully stirred. Then, the superfluous oxidizer (K2S2O8) 
was added in sodium hydroxide solution to the equivalent of the cobalt compound precursor 
which forms the surface layer of cobalt covering nickel hydroxide. And after checking that 
oxygen gas is emitted from the surface of cobalt covering nickel hydroxide, cobalt covering 
nickel hydroxide was filtered and rinsed and it dried. Thus, the cobalt compound precursor which 
forms the surface layer oxidized, and the cobalt covering nickel hydroxide by which oxidation 
treatment was carried out was converted into the cobalt compound (oxy cobalt hydroxide) with 
the bigger oxidation number of cobalt than divalent. The oxidation number of nickel hydroxide 
of a core layer was 2.05, and the average oxidation value of nickel of a core layer and cobalt of a 
surface layer was 2.15. 

[0061 ]One of the rare earth element compounds obtained in the examples 1-6 of manufacture to 
the cobalt covering nickel hydroxide by which oxidation treatment was carried out as mentioned 
above was added 5% of the weight, it mixed, the solution of carboxymethyl cellulose was added 
further, and the paste was prepared. The nickel metal perforated plate whose surface density is 
450g/m 2 and whose porosity is about 95% was uniformly filled up with the specified quantity of 
this paste, after drying a paste, it pressurized, and the nickel electrode (anode) was created. The 
capacity of this nickel electrode was l,600mAh. 

[0062]The cobalt covering nickel hydroxide by which oxidation treatment was carried out was 
manufactured like the case of seven to working example 12 working example 1-6. On the other 
hand, 0.2% of the weight of the amount of high-density nickel hydroxide (working example 7) 
excluding the surface layer in the rare earth element compound obtained in the example 1 of 
manufacture. 0.5 % of the weight (working example 8), 2 % of the weight (working example 9), 
8 % of the weight (working example 10), and 1 5 % of the weight (working example 11)-- and it 
added 20% of the weight (working example 12), and mixed, the solution of carboxymethyl 
cellulose was added further, and the paste was prepared. And the same nickel electrode (anode: 
capacity =l,600mAh) as working example 1-6 was created using this paste. 
[0063 ]The solution of carboxymethyl cellulose was added to cobalt covering nickel hydroxide 
before oxidation treatment obtained in comparative example 1 working example 1-6, and the 
paste was prepared. And the same nickel electrode (anode: capacity =l,600mAh) as working 
example 1 -6 was created using this paste. 

[0064]The rare earth element compound obtained in the example 1 of manufacture was added 
5% of the weight to cobalt covering nickel hydroxide before oxidation treatment obtained in 
comparative example 2 working example 1-6, it mixed to it, the solution of carboxymethyl 
cellulose was added further, and the paste was prepared. And the same nickel electrode (anode: 
capacity =l,600mAh) as working example 1-6 was created using this paste. 
[0065 ]The cobalt covering nickel hydroxide by which oxidation treatment was carried out was 
manufactured like the case of comparative example 3 working example 1-6. And the solution of 
carboxymethyl cellulose was added to this and the paste was prepared. The same nickel electrode 
(anode: capacity =l,600mAh) as working example 1-6 was created using this paste. 
[0066]the hydrogen storing metal alloy (Mm ~ lantern 45%.) shown with the presentation of 
MmNi3.55Coo.75Mn 0 .4aluminum 0 .3 which has evaluation CaCu<s mold structure Cerium 30%, the 
thickener was added to the powder of praseodymium 3% and neodymium 22% of the mixture, 
and the paste was prepared, and this paste was applied to the pierced steel plank, and it dried. 
And it cut, after pressurizing this, and the hydrogen storing metal alloy electrode (negative 
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electrode: capacity =2,640mAh) was created. 

[0067]The nickel electrode (anode) obtained by working example 1-12 and the comparative 
examples 1 -3 and the above-mentioned hydrogen storing metal alloy electrode (negative 
electrode) were involved in cylindrical on both sides of the non woven fabric which consists of 
polypropylene resin textiles which carried out the graft polymerization of the acrylic acid, and 
the electrode group was created. And 1.9mL pouring was carried out and the electrolysis solution 
which accommodates this electrode group in a cylindrical case (battery case), and consists of a 
6.8-N potassium hydroxide solution in a case was sealed. Thereby, capacity obtained l,600mAh 
and the N/P ratio obtained the encapsulated type alkaline battery of the cylindrical AA size of 
1.65. It is neglected for 2 hours, after pouring in an electrolysis solution and sealing the obtained 
alkaline battery. 

Then, constant current charge (initial charging) was carried out by 0. lCmA for 1 5 hours, and 
constant current discharge (initial discharge) was carried out to 1.0V by 0.2CmA. 
After service capacity was stabilized, each of following examinations were carried out. 
[0068](Evaluation test of charging efficiency) The temperature of the alkaline battery using the 
anode of working example 1-6 and the comparative examples 1-3 was set as 20 **, 40 **, 50 **, 
and 60 **, and charge and discharge were repeated until service capacity became fixed on the 
same conditions as above-mentioned initial charging and initial discharge. And service capacity 
at the time of discharging by 0.2CmA in 20 ** was made into 100%, and it asked for the service 
capacity ratio (charging efficiency) in each temperature about each alkaline battery. A result is 
shown in Table 1 . 
[0069] 
[Table 1] 
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[0070]Table 1 shows that the alkaline battery using the anode of working example 1-6 shows 
high charging efficiency to an anode also in an elevated temperature compared with the alkaline 
battery of the comparative examples 1 and 3 which do not contain a rare earth element 
compound. Generating of the oxygen gas produced at a charging end term since the anode 
contains the rare earth element compound is controlled, and since charge acceptance nature has 
been improved, the alkaline battery with which the anode of working example 1 -6 was used for 
this is considered. 
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[0071 ]About the alkaline battery using the anode of working example 1 , working example 7-12, 
and the comparative example 3, battery temperature is set as 50 ** and the result of having 
searched for charging efficiency by the same method as **** is shown in drawing 5 . Drawing 5 
shows that charging efficiency of the alkaline battery using the anode of working example 1 and 
working example 7-12 is improving compared with the alkaline battery of the comparative 
example 3 which does not contain a rare earth element compound in an anode. However, 
according to drawing 5 . even if the content of the rare earth element compound in an anode 
exceeds 8 % of the weight, an improvement effect remarkable about charging efficiency is not 
seen. From this, the content of the rare earth element compound in the nickel electrode active 
material of an anode is understood that it is preferred to set up to at least 0.5% of the weight 
(preferably 2 % of the weight), and it is preferred to set up a maximum to 8 or less % of the 
weight. 

[0072] (Evaluation test of discharge reserve) About the alkaline battery using the anode of 
working example 1 and the comparative examples 1 and 2, after repeating the charge and 
discharge of ten cycles at 20 **, it dissolved in the state of the discharge last stage, the negative 
electrode was taken out, and the amount of hydrogen gas contained in a negative electrode was 
measured. Here, the negative electrode was first put in in the Erlenmeyer flask filled with 
distilled water, and the Erlenmeyer flask was sealed with the plug made of silicone rubber. And 
the hydrogen gas emitted [ in the center of a plug / a pipe ] from a negative electrode through 
through and this pipe was caught by the measuring cylinder with the aquatic substitution method. 
Under the present circumstances, the Erlenmeyer flask was heated and the hydrogen gas 
contained in a negative electrode was made to emit thoroughly. 

[0073 ]The amount of hydrogen gas caught by the measuring cylinder was measured, and 
discharge reserve of the negative electrode was evaluated based on it. Here, according to the 
following reaction formula, 1 mol (22. 4L) of hydrogen gas hit, it thought that 2 electronic 
(namely, 2 C) consumption was carried out, the amount of hydrogen gas caught according to 
following formula (iii) was converted into the Electrochemistry Sub-Division capacity, and it 
asked for the rule of thumb of discharge reserve. 
[0074] 
[Formula 1] 

MH > M + 1/2 H 2 



H 2 > 2H + + 2 e~ 

[0075] 
[Equation 3] 

ScSPiF— ?<OU$c (Ah) =7K^I^* (mL) X (2 X96,500) / (£2,400 X 3,600) 

[0076]A result is shown in drawing 6 . In drawing 6 , the ratio (theoretical capacity of the whole 
amount of discharge reserve / negative electrode) (xlOO) to the theoretical capacity (2. 64 Ah) of 
the whole negative electrode shows the amount of discharge reserve (Ah) calculated from the 
yield of hydrogen gas, and let this be a discharge reserve rate. According to drawing 6 , the 
alkaline battery using the anode of working example 1 is 10% or less in discharge reserve rate. 
It turns out that discharge reserve is reduced compared with the alkaline battery using the anode 
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of the comparative examples 1 and 2. 

Therefore, the alkaline battery using the anode of working example 1 can raise capacity, 
maintaining a miniaturization. 

[0077] (Evaluation test of a high rate discharging characteristic) The alkaline battery using the 
anode of working example 1 and the alkaline battery using the anode of the comparative example 
2 were discharged with the discharge rate of 0.2 - 3CmA in 20 **. Under the present 
circumstances, the charge condition was set up similarly to above-mentioned initial charging. A 
result is shown in drawing 7 . The alkaline battery using the anode of working example 1 has the 
large capacity at the time of high rate discharge compared with the alkaline battery which used 
the anode of the comparative example 2 so that clearly from drawing 7 . This is considered 
because the conductive network by a cobalt compound is formed from initial charging before in 
the anode of working example 1 . 
[0078] 

[Effect of the Invention]The nickel electrode active material for alkaline batteries of this 
invention, Since nickel hydroxide, the cobalt compound with the bigger oxidation number of 
cobalt than divalent, and the rare earth element compound in which a characteristic diffraction 
peak is shown in an X diffraction figure are included, High capacity-ization can be attained, 
raising simultaneously a high rate discharging characteristic and the charging efficiency under an 
elevated temperature, and attaining a miniaturization further about an alkaline battery. 
[0079]Since the nickel electrode for alkaline batteries of this invention is provided with the 
nickel electrode active material of this invention, it can attain high capacity-ization, raising 
simultaneously a high rate discharging characteristic and the charging efficiency under an 
elevated temperature, and attaining a miniaturization further about an alkaline battery. 
[0080]Since it has the nickel electrode of this invention, a high rate discharging characteristic 
and the charging efficiency under an elevated temperature are raised simultaneously, and the 
alkaline battery of this invention can be high-capacity-ized, attaining a miniaturization further. 

DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing l] The X diffraction figure of the rare earth element compound containing an ytterbium. 
[Drawing 2]The X diffraction figure of the add-in-material compound containing strontium. 
[Drawing 3] The X diffraction figure of the add-in-material compound containing bismuth. 
[Drawing 4] The X diffraction figure of the add-in-material compound containing yttrium. 
[Drawing 5] The figure showing the evaluation test result of the charging efficiency in working 
example. 

[Drawing 6] The figure showing the evaluation test result of the discharge reserve rate in working 
example. 

[Drawing 7] The figure showing the evaluation test result of the high rate discharging 
characteristic in working example. 
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^A*3j;tJS7(C^t;-t- h y >>A(7D5^ro'>ft< Hi^ 

6 0lCW±tcK^^H-CV^5<D^f^ 
[0 0 2 2] mc, ±&<DT/Vjj y 

a y h ©BMklS* s 2 ft i 9 ±f ft ^ A/i^ h {k&m 
[0 0 2 3] ftjb\ rr-cfflv^fetbSIWIdWfi, if#Sd|5g 



(Ka S?Os) , ^t^yZSlSthyA (Na s S s 
0») . ^^y-fiftSgT^^^^A ( (NHO 2 S 3 

o.) te^mkwmwcfvv <yj± (Nacioi a»e> 

30 U\ 

[0 0 2 4] ft*D, HHbAl^flSAAlt. BWfe8l0>«W- 

[0 0 2 5] ^SH^WT/I^ y Sfll^a-y^l^iS 

trMt, <kZm1sm («*.tf, WMBB6 2-2 

40 3 4 8 6 7^fE#Ba) jc«t ►) MbS^inlEf*^ 

[0 0 2 6] - - tj\ 3 / h fea7K^-ft;- ^/noK 

immit, mum, ±j£<r>^'</vvik&mif!m&<Dmt& 
-rft^*>, fti*, T7^ y7K^«^PMt, 



(5) 

7 

fcmk-t h y VJ*<Doh<D'J>te< b h lo$r£tpfc(Q-c? 
SJi«co7KB£fb= y -tv^s y — n i o o H ic-xm-fS <© 

[0027] mz., ±j&<f>t v & i i&m t P\z.mkM% io 

7kSHb- y -7-/Kc*3v>rsew7kK'fb=- s> ^A-fcfeflH- 
S^/^Mb^tnWieft (SffiJf) ^SIHb£;ft, ico = 

ftr^uMb-g* («x.tf, ^v^kSHb^A-H ic 

[0028] r.r.-effl^e>ti5lfefb^f±> ±i£co 

ffiStdiO^b-f 5tfc-ffifc«F^-e#5 fc<D-c?t±ftv> 20 

^ n/^wh^Tk^-fb-y^Aco^EJi, 

^A Mb£ftmi«M s F7T^co^/^ MbfcfeKlS&S 

[0029] #»9!^ffi^fc;ftStf±mTCM;'&»W:, 

0. 8 8 5 + 0. 0 0 8 nm, d = 0. 8 3 8 + 0. 0 
lnmfc > iO t d = 0. 7 5 9±0. 0 0 7 n mi'Sfft" 30 

ifSfb&fcioxa&IIlWigl&III i icjjrf. rco*±« 
Tn^-fb-a^Ifi, Ln (OH) , • OifcliL n OOH 

• 2HiOTf**ix*il***4r*tKli^4lBi:«l3e**i/5 

({b^W, Lnttfilxi^^f) o 

[0 0 3 0] r.©±5ft*±M3EJWb'fr*H:, fljfctfs 

«r£tHb£fc UK*Wb**W ^b4aa-T5fc#bix 40 

■So 

[0031] ^^-cfflv^nsiRi|BHb-&*«:, as, ± 
^^7K^ibtiT"fc2, 0 -r**3*>, KisMb-e-fttt, as, 

-g-^-fb^ii^Tk^bti-cfcSo fc*s, roi5 4g» 

<b-£^f+, 2?I«±COt©£S»S#ffl£;flTtJ:V\ > 

[0 0 3 2] @tti+3*±il^*fb-a*ii, ±3*©® 



1#P]2 0 0 3- 1 7 04 6 
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i+, as, *wi2#««:TA'*y4«*iMb**»» 
, f'jx.tf, im.\t* v y ?A^7K®tfb75 y >?a(7)7W§ 

JS L r^a-f 5 fc «-f 5 r £ 7)5 -c £ 6 . T TV 

*y*«*iMb**»*«>*sr±, as, 2 5ti%~ 
4 ofift%ic&£-f 5©j3S£?£U\, r.cos$jb^a('^ 
t^-t, t/w* y ^Ji7Kg$ibt)7i<#Ki±, SMfc*&a*feii 

6 . 8m.fc<D7kmk* y ^kir^i^aico 

i${b^^7KI*'fb»%i'f?«LT)KBt-5i, as, 

[0 0 3 3] ±iEcOj; 5 JSSKbSa3l*«fel-t5V->T, T7U 

* y^«7KS^bfeco7ki$?«4 ] (c(±, tfijxitf, 

-7- h y >> a (n a c l o) coi 5 fcKfldWfctlHniLfc 

9, (SI*) iiAy-efc J: JS*4 

[0 0 3 4] H^ic, ^f^^Hf^A, 3i/Hf>?A, ;u 

T^v^is&ny v ^A^to*±iS7c*ro^b«i J ^7K 

n (OH) 3 |£«S+*AJ&* (P6»/m) Wfe H B B t* 

[0 0 3 5] ±iE©ftJiR5c*ft^«tt, 2ffi« 

[0 0 3 6] *^B^coT/u* yft'*ffl=y^ 

«BiS*W±, _h»co#±S5t*'fb^-#l!C#xT, 
i4±acO#±Sx;*fb-^tl i: ^hny^Aft^ 

if -/Mi 9 Mk-hWm 5 ^,co 

[0 0 3 7] 

(±, =J Ayl/ h CO K a ISiC J; 5X^0^11 CO 2 6 = 5~8 
5° COlliH^ioV^r, d = 0. 354 + 0. 002nm 
*5<trJ ? d = 0. 2 4 8 + 0. 0 0 1 n miC^Vpftf? 1 
atttroHWtf-^JJitWB 2 &gco[H#f fc-:? ^^-+^ 
fecoT-foSo F(x.(i\ E2!c^-+J:5t', ^co^hn^ 
7j<^-fb^. bn^^-^ACOX^igjfTlgli- 
*3V^T#*COd = 0. 5 8 5 nm (26 = 17. 6°) 
COOSfe-^^^^L, d = 0. 3 5 4 nm(20 = 2 
9. 3" ) *3j;t>*d = 0. 2 4 8 nm (2 0 = 4 2. 3 
° ) tc^Hm^l3fi«co[iltlTt 0 -^*3j;t;^2^co 

[0 0 3 8] *7t, rrr-fflv^nstrx-v^-fb^ 

f+, 3/</^©Kajji(£j;3X^0#f0CO2 6 = 5~8 
5° COtQH(ij3V^-C, d = 0. 326±0. 002n 
m, d = 0. 2 6 9 + 0. 0 0 1 n m3o d = 0 . 2 
5 6±0. 00 1 nmK^m^l^gWlEltfftf- 
^, »2«US©[HlSflf-^t3 < tOt«3gSSW|Hl*Ttf- : *' 
Sr*U d = 0. 269 + 0. 0 0 1 nmC0^2?i|gco 



(6) 
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HJ#ftf— ^75Sd = 0. 3 2 6±0. 00 2 nm©f IS 

^-rXWX||[H]i(fig(C*DV^T^*Od = 0. 2 9 5 nm 
(2.6 = 3 5. 3° ) ©mflff-^ii&U d = 0. 

326nm (26 = 31. 9° ) , d = 0. 269nm 
(2 6 = 3 8. 8° ) *3=ttFd = 0. 2 5 6nm (28 

= 4 0. 9° ) l^H^iMro^lrf-^, 12 
3fiSroHIi>Ttf-^tJJ;0!||3 3iiAro[HlWtf-^^L, 

d = 0. 2 6 9 nmC0^2 3fS^[Ui)Tt 0 — ^^d = 0. 10 
3 2 6 nmO|gl?SiSO|H]t)ft:"-^00 1/2ii(J:W?Sit 

[0 0 3 9] - d-CJtjV^tiS'i' y h V <> Mt 

&mi, 3^,uhwKa,WiCj;5X$i@#f|g]©2 8 = 5 
~8 5° cDfQlliC^^T, d = 0. 54 4 + 0. 006 
nm*3j:t>*d = 0. 3 13±0. 0 0 2 n m(C[I]^t°— 
^^WLT*5l9 s d = 0. 544 + 0. 0 0 6nmCQHI 
#t t°- 7 ^> 3 RfSlI (c (t 5 ft & t°- ^ w t (D -Cfc 5 . 

(±, SHb-r y h y ^A^gMk'T y h y £ Aoxauajf 20 

H{C*3V^-CB?>H^V^d = 0. 5 44nm (28=1 
8. 9" ) *5,tUtd = 0. 313nm (2 6 =3 3. 2 
° ) tClalDTtr— ^Sr^TLT*3t), 2 6 = 5~8 5° ©15 
H(Cjol/>T, d = 0. 5 4 4 nmCDHtfftf— ^^*5fef 

[0 0 4 0] **J, J^©W!iq*Nb£*H:. JiifecD*± 

im^fomtm) ^±.m(oxo^m-vmimmi-^t 30 

[004 1] *3Pj!©- y ^/W*ffigt)Ki±, ±3tco/K 
®Hb-y^/K H-ft-fr**JJ;tWBrdbS^^*4:iR 

«s<o^^r*f±, iifs Mfc=y^O2~l0li% 

cas^n-cv^©*^* l< , 3~7as%(-^s^ 

ftTi/^ ©# J: 9 #f £ Lv \ r ro-g-WS^ 2 fi*%*ri 
©±J£-i±, *ISte= v frA'KWLTBfKioiWttt* y h 

[0 0 4 2] #±g5c*fl;3-te<o-£3*i, ii 

fr* L< , 2~8MI%liR^-5©**J:»)if4 U\, 
:©^Wii ! o. 5 -y^«« 
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#-f 3FaSf-e**tf*»5 *>, -y ^^«SS#iK' : t , (-*3 
!t57kSfk=-y^/W»^tt^(C'>^< 7 A- 

* y miiio/j^b^isMr too, ^(Dmmzmz © 

[0 0 4 3] fcJS, #3&8H©7&I*«£*5^-C\ ±J6©* 
±SUc*flsa* K x. T ±3£©MsJ)D»l fc^tt Srffl V n 5 * 

*«W©iSH*lftc*5v^-c, ±i£a>;ffir±£5E*i"k'&-*i t # 

[0 0 4 4] ^07;^ y UttMlffl— y^vHtll 

[0045] r ro= y ^jumm^mm-t^m^i, % 

[0 0 4 6] *»W©TA«* U WKfitt, «ft, 
*>jE<S, A»eJ:iME*i:<l*i:WlHIKB«5ixfc-fe' < 

[0 0 4 7] ^r-CfflV^e>ix5Affi»4, ~v / T)\'W&& 

LTflC a C usMffit&^-t^MmN i ,sr, C o 
o7 5 Mn<)4 Alu ©MtSSJlS^ MmNis 

^h, fifc itflfaw 5 *?^ ; >4 < H 1 

■Hftbfc*5c**-frA, T i N i 3V^&&J;t>*T i F e 

fc^^t^^^i) 4:** LTV ^ 5. 
[0 0 4 8] ir/N°U- -<m N IEffi<tAffit^M^§rP^± 
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[0049] «fi?Ki±, < r/w* y afltjiktefc^-c 
aw± © fc <n l -c ffl v ^ t «t v \ 

[0 0 5 0] ifcfglKcDT/u-;* y W9M<DiEm\z.m^hix 
*WM<n=- v *7i4WfiHMt«rffl v N fc fc ©T-fc 5 fcfc, 

w«s«xai-fcv^x*ffi^aM$^5Sc«y■lf-7••^ 

r.<o.fc 5 ^^«Sffi*K?rfflv^fc*l§B^roT/^ 

[0 0 5 1 ] :©7*A USftjaii, iES©^-y 

^HUSSfeSCJ-^-C, JbilSco J; 5 I'^ftffilSftJ 30 

v f-/ )^wmm%.\i, ±$©£ 5 fc*±seawb£#i*: 

z<DT^'jwmm\i, mummrx-^mLtzm^, je 
©^a^t < ft?&TT-<7)5tma*^**5o ceo 

^■AyT"V^»^fciB]#T-fcS„ 40 
[0 0 5 2] 

6 o°ci^s^tifc4 os»%*iwt* y 

l:K{W5'r^Ifi>A (Yb : O0 ^SAL, 7 2BfW 

r.^>, d = 0. 8 8 5nm (28 = 11. 6°), d = 
0. 8 3 6 nm (2 0 = 1 2. 3° ) *3j;0 ; d = 0. 7 
58nm (20 = 13. 6° ) l-HIJFf V—ir fc^PTSIgl 50 
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[oo53] mm 

WA*C4 y*ri\>\f t> MzMXXWffc*-^ (E r 

U n^vh©K o«WcJ;axiBEItlT*:3lB*Lfc»*lc 
SitW 1 ©ftilxffk^ 4 IsJtK© 3 oc?0#t fc * 

[0 0 5 4] gag 3 



SSfb'f yf;vt'!)A|;fx.Tift7y ?A (Tm-O.) 

/VW h©Kaiia5X»BfTS-tl LfciJirlciWJ 
1 a>*fir±£7c*te£* t 1H«© 3 o©E#r t ? ^r^Ti- 

[0 0 5 5] gjSffl 4 
RflS-f ^X/Hf ^AjC^x.T^fli^T-^^A (L u 
. O3 ) firfflV^fc*S:l»v^XK3fiW 1 <7)«^- tRtRtHfef^ 

st&tt i ro*±«7c*{b^* t nm<n 3 mmm^-? 

[0 0 5 6] MSff'I 5 

,O0 2 5111 tft-fi'f^t^A (Yb=03) 5 
0li%*5±t«ft^Tf>)A (LuiO.) 2 5S»% 

^[cKitfjij 1 <D%±m%m^% t mm<o 3 ^>nwm 

[0 0 5 7] Mifef^l 6 

Sgfc-f yf/i't'^tfit, yy^A&i. Oat 
m. % N -fj'f;l'k*!)A5r9 0. 0 a t m. %ioJ;V;b 
r^^ASrg. Oatm. %^Xs^mdfa *m v > fc 

a ^{ii -5 X|ft[alW^*tfe Lfc^(C»it^ 1 W*±« 

jtmiv^m t mm<r> 3 -oomtfrt'-^ Sr*i-5#±a5c 

[0 0 5 8] Hi 1 - 6 

Lfc7K?$«(-6ftl*T v^e= £ A fc 7Kg*{fc-7- h y ^ A 

r , r ©51*1 ^rV«C L < t*# Lfc# bTWtfb-*- h y •> A 
bK*TU. RJ65ROpH4:l 0A»t>l 3© 

7ry^T-CD|$Sr1#fc 0 

[0 0 5 9] i^i', #P>tlfcift^*^b- y^r^m.^ 
(D&£, fcmk-f h\) ^A-CpHSrl 0ti>t> 1 3(cftiJ» 
LfcT/V* 'J TMgffi^-SA Lfc 0 *LT, 

7K^SriiSl?ST LTRi^^O pHtloa>6l3©|S 
H('^ia#W«ftbfc=, iixtJ;!, 3^h*»fl2W 
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[00 6 0] %bhfz="</v- VfaMfrMik- y >TJ\> 5 0 
g 1 1 0°C(7D 3 0»»%7KBIft^ h y *A*KiSfK , f'K 

ro^KcStLTiiPJro^-f^iJ (K 2 S 2 O a ) &7k®tft^- 10 

8Mb - y ^o*ffiii> b®!*#x #££1-5 &ffc& t 
fcfc, a/^/w Mtffi7KStft- y LT7Kgfc U 
fttfl Lfc. r w J: 5 ic LT@g{k#ya£ Jx/c = vmt 

&=i7Vl-Mb£* (^^7k^3^7H>) (Cte^^tL 

5Tfc<9, Sg^a-y^tftffigroa^yu h iro^plS) 
mt\$.\±2. 1 5T'fcot. 20 
[0 0 6 11 0\CLX&fcti!M& i%tz="<frb 

wsfafflt- v TMm Lxm&m 1 - 6 "ew&nfc* 

±«»t^«-o|: 5 S*%asfllJ LT?H^ L, * h 
\ z # 71- /J? 3f v- t< fvH? ;u p — x <7>7jq£?$ 5r JO x. T * 
hSrPUUfc. rev*-:* hK>gf^*Srffi«**S4 5 o 
g /V , 9 5 %C0= y *-/WAJR#?UEtl*& 

1, 6 0 0mAhTfcofc 0 

[0 0 6 2] jjMff'l 7-12 30 

HJE^J i ~ 6 1 toWz. L-T, sufctfaa:* j-ifc ="< 
7H4»KSM;=-y^7w£KiiL7t < , mi^L, ©it 

^7k^b-y/7-7H;ro0. 2fiS% (HJi0ij7) , 

0. 5S»% «WJ8) , 211% (H^J9) , 8 

*S% (l«Ji o) , l 5»»% (IWJi l) *3«fc 

t>*2 omm.% mmmiz) «anLTS#u 

PMtfc 0 -t lt, *»J1~6 

£ m$k<n=.ytrjvmM (IEfI : ^fi= l , BOOmA 40 
h) SrfftfcLfc. 
[0 0 6 3] &MM 1 

n^w i - 6 xmbntzmimmm^^^ju h^m^m 

x., hSrPMLf- 0 *LT, :^-7^ffl 

V\ *»J1~6 fcW««)=ijy^rA4W 

1, 6 0 OmA h) £rffo&Lfc 0 
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[0 0 6 4] Jfc&fli] 2 

HSfa^iJ 1 ~ 6 X'ftbfotcmk®MM<n a N IMtKK 
ft= y fr-McMlW"l l Tf»&ftfc#ddR7c*fk£»«r 5 

-*<D-M.m&*M'tX'<-* h^-iasLfco ^lt, r 

CEffi : §*= 1 , 6 0 0mAh) £ffr$;L;fc„ 
[0 06 5] ftteflU 3 

mmm 1 ~ 6 t lt, wtfflasnfca^ 

LT*;^^fv / 7<^^Hr7i^n— ^(DTkSfg^iDx., 

7 htlSU:, ;c^7h»\ Hifi^Jl~6i: 

IHfl|CD=. y-7-;Hi (JEffi : Si= 1 , 6 00mAh) 

[0 06 6] ffiffi 

C a C u s Sfltit 5 Mm N i » Co,.,, M n 
A1..3 rc>|a^cT^$tl57K»?S«-a-^ (Mm(t7>i? 
>4 5%, -try A 3 0%, ■77't*i?& 3%^^^ 

*S (AH:S*=2, 6 4 OmA h) Sr^Lfc. 

[0 0 6 7] mMffl 1 ~ 1 2 iSiLVMMm 1^3 T#ib 
tifc-y^ms (iEti) t ±3&<D*&WiM'k&WM 

W?:MLt„ -t LT, roSffilf^nffitt© 
cr-x (®f) rtlciRSL, y— ^rtiC6. 81 

^W7K^fli* y ■> A*iWS*»6ftS«!HS*r l • 9 m L 

iiAUffiHLfc, midJ; 1 ?, **ifl«l, 6 00mA 
h, N/PJt#l. 6 5<ORffiMAAH7--r Xd^lflST 

1 Cm ATI 5B#r s l^m»iE5fES (UJffl^S) L, tfc, 
0. 2CmATl. 0V*T£fl;Sft^« (iDfflfe*) L 

[0068] (3tmw)%www®k) Mmm i ~ 6 jo ± 
vitK^j i ~ 3 coES^ffl^fcr/w* y mmm(o^^ 

2 0°C, 40t > 5 0°CJyj;V6 0°CiClS:SL, ±^<0 

K45*-e*iMI4r*«)jSL^. -f LT, 2 0 ! 'Clc:JoV^ 
TO. 2 C m AT*«L7c±J^-Wfe*^*^ 1 0 0 % t 
L, 6-T7W* y#m*i-oV>T i §-?a^TCD^«^*tt 
(*«Sb¥) »*«r*l 

[0 0 6 9] 
[«1] 



15 



(9) 
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£ <%) 


2 ot: 


40*0 


5 0^ 


6ot: 


m 
m 
m 


i 


100 


10 0 


9 6 


8 0 


2 


10 0 


9 4 


9 1 


7 6 


3 


100 


9 7 


9 4 


7 8 


4 


10 0 


9 8 


9 5 


7 9 


5 


10 0 


9 8 


9 4 


78 


6 


10 0 


9 8 


9 5 


7 8 


m 


1 


10 0 


8 9 


7 2 


4 2 


2 


10 0 


9 8 


9 5 


7 8 


3 


10 0 


9 2 


7 3 


5 3 



[0 0 70] HJS^!ll~6 0DIEffi^ffl^fcT 

t^J i *5J;03 cot/u-* y t^tctt^ i^i&tcfcv^ 

~6 ©ZEffiSrffll/^T/u* y Slftfi, iEffi^#±IS7c 

[0 0 7 1] HHtf!] 1 , *H^J 7 ~ 1 2*3«fctWt 

«*• 5 orient, _h«i P«c>^£^B3W£* 



30 



i *j ivmieii 7~i2 coiE^^vfcT/w* y 
*»±*«Sb*^iRi±L-cv^5r 4: IIU 15 

% (fftL<li2lf%) tRXE1-5©!fl*Jf4L<, ± 

So 

[0072] (#c* y Hf'-yrof¥tt^) i *5<t 

grftJU^^WBSS: (Ah) (mL) 

[0076] iem^ii 6 tr^-r„ n 6 &m#x<D 
»&*a»fejftafc*Hty if-:/* (Ah) 
aa&ss* (2. 6 4 Ah) {c*fi-sit* ( uftmy-f- 

xi oo) -C5*LT:ft9, 
r-tb^Scfty-y-'-y^fts,, Hei^s*, i«ji 
©jEffifc/Bv^TA-* y Wtfett, #c* V IF-tW l 
0%WTT*fc9, JttSE^Jl, 2coiEffi*ffl^fcT;w*y 

frZ> a LfcJSoT, HJt^Jl«DIES^V>fcT/U*y# 

[0077] (S5*fe*#ttwffptti^) mmm i ©e so 



«?id!ii©ttifi-eWflEUT<i*«r*9au 

emfet- ± 5 * * *y y i/y--emmLtu - ©r, 

[0073] ^xixy vy--efiWI35*ifc**^**r 
H£ u -tm-s<3v ^-c*«<©®cm y -y-'-^Srifffi t 

fc„ "Til, TIEroSJtSSi^oT^^^l^ 
(2 2. 4L) fefc<9, 2fliT- (t4^*>2i?-iiy) 
It^^troirti, TIE CDS; (iii) iC^oTfi* 
Lfc**^*«r««^§*ic«|» U $®y 
0>i 

[0 0 7 4] 

MH > M + 1/2 H 2 



H< 



2H+ + 2 e- 



40 



[0 0 7 5] 
[*3] 

X (2 X96,500) / (22,400X3,600) 

TAo(7 y 2 0tl:j3^T, 0. 2~3Cm 

(D^fflftll^ClClSSL/c, fe**g]7iC*-t c 0 7 

wmm\±, nam 2 toEHfrfflVNfcT/w* y wtjbKut 

SWai^x, a^/i/Mfc^W;: J: ^ 
[0 0 7 8] 
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«fc <9 **ft=«^ , xWlHJriafcfc^-cWtf 

«o*««)*i:^lsll#(ci*fe, $ &fc/hSft:*H D 
[0 0 7 9] £fc, *ii»7/V*PiiSl=y^/l- 

[0080] £e>lc, *%wror/w*ys«*H:, *^ 

W <75 =1 y ^mffi £ft X.TV>Sfcft, ft ift(eSc**M4 i ft" 
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[Hi] -f yf/l't^A^lftiaxH^iWXi 
[12] ^hpyf * A*£tfWnWb£*0XlWlW 

0o 

[03] Sr#ttJ8ftl*tft**OXill@SfBa. 
[04 ] y h y *Afc£frjfcW{fra-fc»X»@ST 



[0 5 ] ^fl^&ttSftt&foffittm****?- 



10 Ho 



[EI 6 ] IMWcfcitSStft y Hf-^wfWBWMS* 
[H 7 ] *Jite^lcJo{tSia^«^ttoMI^^* 



[01] 



[02] 




®<t=0««iun 
Skl=0.7J>iim 
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